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A B S T R A C T
The Jamunapari goats are reared as dairy animals in semi-arid conditions, therefore it is necessary to evaluate
the genetic potential for the genetic improvement of milk production traits. The data comprised of 2217
phenotypic records for milk yield at 90 days (MY90) and 140 days (MY140), total milk yield (TMY) and lactation
length (LL) obtained from the progeny of 173 sires and 446 dams during the period 1990–2013. The data were
analysed using mixed linear models exploring random eﬀects due to direct additive, maternal and permanent
environment variance due to animal. The most appropriate genetic models for milk yield traits were those that
included permanent environment eﬀects due to the animal. The direct additive heritability estimates were
0.15 ± 0.05, 0.26 ± 0.07, 0.25 ± 0.08 for MY90, MY140 and TMY, respectively. The additive heritability
estimate for LL was low and non-signiﬁcant at 0.02 ± 0.03. The repeatability estimates were moderate to high
ranging from 0.68 to 0.73 for milk yield traits. The repeatability for lactation length was 0.20 ± 0.03. Maternal
variances were low ranging from 0.03 for MY90 to 0.13 for TMY. There was an increase in mean milk yield of
0.25, 0.70 and 0.72 kg/year respectively at 90 and 140 days, and for TMY. Genetic trends and phenotypic trends
for MY90, MY140 and TMY were positive and indicated signiﬁcant improvement in milk traits due to selective
breeding.
1. Introduction
Genetic improvement programmes have focused on increasing
various economically important traits for higher productivity and better
income. Goat milk has potential human health beneﬁt and plays
signiﬁcant role in nutraceutical, Ayurveda medicine formulation and
fashion industry. Goat milk is attracting more attention due to health
promoting properties and is used as human infant milk replacement
food with no known allergies (Haenlein, 2004). In many household,
goat milk is consumed and is a protein supplement for the most
vulnerable groups such as women and children (Haenlein, 2004;
Devendra, 2012). The economic and social importance of dairy goats
in India is because of their ability to use poor vegetation in varied agro
climatic regions and produce about 26% of world’s goat milk
(Devendra, 2012). Therefore, goats are thus favoured as diary animal
in the low-input systems and marginal environments due to special
characteristics such as low capital investment, production costs and
optimum use of meagre food resources (Devendra and Liang 2012). The
Jamunapari goat is well known as one of the milk-producing Indian
dairy breed in the subcontinent. These goats are tall, white in colour
and large sized breed and adapted to semi-arid climatic condition (Rout
et al., 2000). The Jamunapari goat has been used to upgrade milk
production in other Asian breeds and elsewhere around the world (Rout
et al., 2004).
Breed and genetic characterization for economically important
traits for these goats are necessary in selection programmes to bring
desired genetic improvement. The genetic parameters estimates for
both milk and growth form essential inputs for future realistic breeding
programmes. The knowledge of the (co)variance components and
heritability estimates for milk production traits will support breeding
strategies by selecting animals with superior genetic merit to optimize
the response to selection and to improve dairy traits as desired (Sullivan
et al., 1986; Barillet, 2007).
Genetic parameter estimation on milk yield traits has been carried
out in diﬀerent goat breeds (Belichon et al., 1999; Serradilla, 2001;
Montaldo et al., 2010a; Wiggans et al., 1988; Wiggans, 1989; Majid
et al., 1994). Moreover, the genetic parameter estimates for dairy goats
are available for Mediterranean and Latin American countries (Barillet,
2007; Torres-Vazquez et al., 2010; Montaldo et al., 2010b). Further-
more, genetic parameters for yield traits in dairy goats have been
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estimated for other populations in South Africa, New Zealand and
Norway (Muller et al., 2002; Morris et al., 2006; Andonov et al., 2007).
The genetic parameters of milk yield traits have been reported in
diﬀerent local goats in diﬀerent countries (Selvaggi and Dario, 2015;
Mavrogenis et al., 1989; Brito et al., 2011; Kala and Prakash., 1990;
Rabasco et al., 1993; Valencia et al., 2007). Despite the importance of
goat milk for nutritional and livelihood security, there is still limited
information on genetic and phenotypic parameters of milk yield and
composition traits in diﬀerent Indian indigenous breeds. Genetic trends
for milk yield traits have been reported in French and American goat
breeds (Clement et al., 2002; Wiggans et al., 2003). However, such
information on genetic trends of milk yield traits for long-term selection
experiment in Indian goat breeds has not been documented. We hope
that the quantiﬁcation of response to selection will facilitate a review of
the selection objectives and management goals for our breeding
programme. Therefore, the objectives of the present study were to
determine the most appropriate models and estimate genetic para-
meters and genetic trends for milk yield traits for Jamunapari goats in
semi-arid tropics.
2. Materials and methods
2.1. Herd description
Milk data and pedigree were available from 1990 to 2013 on
Jamunapari goats maintained at the ICAR-Central Institute for Research
on Goats (CIRG), Makhdoom, Mathura. The Jamunapari goats were
introduced from their natural habitat, the Chakarnagar area of Etawah
district of Uttar Pradesh, which is 150 km distant from CIRG, Mathura.
The Jamunapari goat is a milk-producing breed with average body
weight of 28.0 kg at 12 months of age and 1.46 kidding rate (Rout et al.,
2000).
The goats were maintained under a semi-intensive system of
management with 6–7 h of grazing and stall feeding with seasonally
available green fodder ad libitum, supplemented with concentrate
mixtures depending upon the status and age category of the animals.
Generally, animals were housed separately according to their ages, sex,
physiological status and health status. Controlled breeding was prac-
ticed with the does being bred during months of May to June and
October to November followed by kidding in the months of October to
November and March to April, respectively. Does were mated with
bucks by natural mating twice at each oestrus. At kidding, each kid was
assigned an identiﬁcation number by ear tattooing and records of date
of birth, sex, birth type and live body weights were taken. Kids were
stall-fed up to weaning at 3 months of age, and then allowed to graze
nearby areas for very short periods, until they attained 6 months of age.
Routinely the ﬂocks were vaccinated against Peste-des-petitis rumi-
nants (PPR), Foot and mouth (FMD), and enterotoxaemia (ET).
Targeted deworming were carried out during the pre-monsoon season
(May to June) and in the post-monsoon season (September to October)
for the control of gastrointestinal nematodes. The study area had semi-
arid climate and average annual rainfall was about 375 mm, spread
across the months of June to September. The soil was sandy with
natural pasture and bush as the main vegetation type. The pastures
were mainly Cenchrus ciliaris and C. setigerus, along with native annual
and perennial ﬂora. Meteorological data indicated that the temperature
varied from 4.0 °C to 24.3 °C during winter and 27.5 °C to 42.4 °C
during summer.
The phenotypic data comprised of 2217 records from does milked
twice daily. The traits analysed were estimated milk yield at 90 days
(MY 90), milk yield at 140 days (MY 140), total milk yield per lactation
(TMY) and lactation length (LL). Milk yield was recorded every seven
days until the animals became dry. The estimated milk yield for
diﬀerent periods were calculated using Fleischmann’s method (Ruiz
et al., 2000) with some modiﬁcation as follows:
TMY = P1 × D1 + (ki=2((Pi + Pi+1)/2) × Di) + Pk+1 × 3.5
Where D1 represents the interval between birth/kidding and ﬁrst
recording, Di represents any subsequent interval between two record-
ings, Pi represents the yields of record i and the record (i + 1) with i =
(1,…., k), and 3.5 assumed be the number of days between the last
recording and drying oﬀ.
Pedigree information was available for 1217 animals, which were
the progeny of 173 sires and 466 dams bred across 7 generations.
2.2. Statistical analysis
Initially data were explored for summary statistics and normality
using SAS (SAS, 2013). We ﬁtted a univariate normal plot function that
uses both numerical and graphical methods to test for normality. The
Shapiro-Wilk test (Shapiro and Wilk, 1965) for sample size less than
2000 was used test for normality (SAS, 2013).
The estimates of (co)-variance components were obtained using the
ASReml programme (Gilmour et al., 2009) ﬁtting mixed linear models
accounting for environmental eﬀects of parity (1–6+), year
(1990–2013), season (autumn and spring) and type of birth (single
and multiple) as ﬁxed eﬀects and eﬀects of animal, maternal and
permanent environmental eﬀects due to the animal ﬁtted as random
eﬀects. Initially univariate models were ﬁtted:
Model 1: y = Xb + Za + Zpe + e (1)
Model 2: y = Xb + Za + Zm+ Zpe + e (2)
where y is a vector of observations on speciﬁc traits of the animal; b is a
vector of ﬁxed eﬀects; a, m and pe are vectors of random eﬀects
describing additive genetic eﬀects, maternal additive eﬀects and
permanent environment eﬀects due to animal; X, Z are corresponding
incidence matrices relating to each eﬀect to Y; and e is the vector of
residuals. To compare diﬀerent random eﬀects, log likelihood ratio tests
(LRT) were carried out to determine the most suitable model for each
trait in univariate analyses (Morrell, 1998).The test statistic was
−2[lnL (2)-lnL (1)] where L (n) is the log likelihood of Model n.
Critical values for the LRT were taken from a mixture distribution ½ (1)
and ½ (0) (Self and Liang, 1987). The relationship matrix was
constructed using pedigree records. The narrow-sense heritabilities
(h2) for example were estimated as follows: animal model:
h2 = σ2additive/(σ2additive + σ2pe + σ2maternal + σ2residual) and repeatabilities
(r) were calculated as r = (σ2additive + σ2pe)/(σ2additive + σ2pe
+σ2maternal + σ2residual).
The genetic trends were estimated for MY90, MY 140 and TMY
obtained by regressing the means of estimated breeding values (ebv) on
year of birth weighted by the number of animals in each year. Similarly,
the phenotypic trends were estimated by regressing least squares means
of milk production traits on year of birth. These procedures were
carried out using the SAS computer package (SAS, 2013).
3. Results and discussion
The summary statistics for milk yield traits are presented in Table 1.
The means for MY90, MY 140 and TMY were 80.2, 114.0 and 124.8 kg,
respectively for Jamunapari goat. The average lactation length was
179.5 days, which was longer than other Indian breeds. Jamunapari
goats were productive until seventh parity; however, some goats were
still productive until 11th parity. It has been observed that the inﬂuence
of the season of kidding on milk yield at MY90, MY140 and TMY was
signiﬁcant (P < 0.01). Parity had signiﬁcant eﬀect (P < 0.01) on
milk yield over the years. The year of birth and kidding year had
signiﬁcant eﬀects (P < 0.01) on milk yield traits. Does with multiple
births produced more milk compared to those bearing singles.
The animal model (Model 1) ﬁtting the permanent environment due
to the animal was the most appropriate model for milk yield at 90 and
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140, and LL with model 2 only most appropriate for TMY (Table 2). The
parameter estimates for milk yield and lactation length are presented in
Table 2. The estimates of direct additive heritability for MY90, MY140
and TMY were low to moderate and ranged from 0.15 to 0.28 (Table 2).
The maternal variance contributed signiﬁcantly for TMY and was low
for MY90 and MY 140. The permanent environmental component due
to animal and litter contributed negligibly. The heritability estimates
across diﬀerent traits were signiﬁcantly (P < 0.05) diﬀerent from zero
with small standard errors (varies from 0.02 to 0.08). This is mainly
because of large sample size and indicating that the genetic improve-
ment by selection for milk production for 90 days and 140 days is likely
to be successful.
The heritability estimates from the present study were comparable
with the following reports in literature (Boichard et al., 1989; Belichon
et al., 1999; Muller et al., 2002; Weppert and Hayes, 2004; Rupp et al.,
2011). Boichard et al., 1989 reported heritability estimates of
0.29–0.39 for milk yield in French Alpine and Saanen primiparous
goats and Belichon et al. (1999) reported heritability estimates for milk
yield in Alpine goats from 0.34 to 0.37 and in Saanen from 0.32 to 0.40
in France. Muller et al. (2002) reported heritability estimates of 0.23 for
milk yield of South African Saanens. Weppert and Hayes (2004)
estimated heritability estimates of 0.19 for milk yield in Alpine,
Toggenburg, Saanen and Nubian breed. Montaldo et al. (2010a)
estimated heritability for ﬁrst-parity milk yield of US dairy goats as
0.36 across breeds, which varied within breed from 0.35 to 0.38.
Similarly, low to moderate estimates of heritability (0.17–0.30) for milk
yield in Saanen goats were reported in central Mexico (Valencia et al.,
2007; Torres-Vázquez et al., 2009, 2010). Rupp et al. (2011) also
reported heritability of 0.30 for US Alpines and Saanens for ﬁrst
lactation yield. Low heritability estimates of 0.04 for lactation length
was reported by Montaldo et al. (2010a) in Saanen goats reared in
Mexico. We also obtained low estimates of heritability for LL. The
heritability estimates from our study were lower to those reported in
other goat breeds, 0.68, 0.61, and 0.54 for Alpines, Saanens and
Toggenburgs, respectively (Kennedy et al., 1982).
Repeatability estimates for all milk production traits were high
ranging from 0.68, 0.73 and 0.69 for MY90, MY140 and TMY,
respectively. The repeatability of milk production traits was higher
than those reported in literature (Ilahi et al., 1998; Morris et al., 2006).
Ilahi et al. (1998) estimated the heritability of 0.32 and a repeatability
of 0.53 for milk yield of French Alpines. Morris et al. (2006) reported
heritability estimates of 0.35 (repeatability of 0.52) for daily milk yield
in New Zealand Saanens goats.
The additive maternal genetic eﬀects were low and only important
for TMY. This may be due to environmental inﬂuence of dams to their
kids from conception to birth via intrauterine environment and from
birth to 3 months of age via maternal colostrum feeding and milk
suckling. Maternal genetic eﬀects have been described in domestic
mammals such as swine (Southwood and Kennedy, 1990) and beef
cattle (Dodenhoﬀ et al., 1999). However, other studies have reported
that maternal genetic eﬀects were not important in milk yield traits for
dairy cattle (Khattab et al., 2005; Albuquerque et al., 1995; Schutz
et al., 1992).
A positive genetic trend was observed for milk yield at 90 days,
140 days and TMY in Jamunapari goat population. Genetic trends for
milk yield traits MY90, MY140 and TMY are presented in Fig. 1. There
was increase in mean milk yield of 0.25, 0.70 and 0.72 kg/year at
90 days, 140 days and TMY, respectively in Jamunapari goat. The
maximum limit of increase in milk yield was 0.70, 1.63 and 1.99 kg per
year in MY90, MY140 and TMY, respectively. The maternal genetic
trend was positive and was 0.42 kg/year for TMY (Fig. 1). The total
genetic progress was estimated as total change in mean estimated
breeding values in 2013 from those estimated in 1990 expressed as
proportion of genetic standard deviation. The total genetic gain as
proportion of genetic standard deviation (σA) for TMY was 1.76.
Genetic trend of milk production in Alpine and Saannen goats was
13.6 L/year and 12.5 L/year in France during 1990–2000. Similarly,
the genetic trends in Alpine and Saannen goat were 8.6 L/year and
7.0 L/year in USA during 1995–2000 (Clement et al., 2002). Also, a
positive genetic trend of 7.0 kg per year was obtained for 305 days
mature equivalent milk yield in the female Saanen goat population in
the US between 1995 and 2000 (Wiggans et al., 2003). This trend is
equivalent to an annual genetic progress of 0.79% in average milk
production (Montaldo and Manfredi, 2002). Similarly, the phenotypic
trend was positive for all the milk production traits (Supplementary
material Fig. 1). The average increase in phenotypic trend for MY90,
Table 1
The summary statistics (means, standard deviations and standard errors) for milk yield
traits (kg) and lactation length (in days) in Jamunapari goats.
MY 90 days MY140
days
Total Milk yield Lactation
Length
Number of Records 2217 1788 2099 2099
Number of years 24 24 24 24
Mean 80.18 113.98 124.82 179.50
SD 33.3 38.1 51.06 42.17
Standard error 0.71 0.90 1.11 0.92
CV (%) 41.6 33.48 40.90 23.49
Range 21.8–168.0 46.8–233.6 33.0−273.7 70–277
Table 2
Model eﬀect and genetic parameters of milk yield traits in Jamunapari goats.
MY90 MY140 LMY LL
Models 1 1 2 1
Parameter
σ2a 5703.29 27002.8 35325.8 33.4
σ2 pe 20250.4 43445.9 61547.6 245.9
σ2maternal – – 18404.6 –
σ2residual 12155.5 26077.3 24724.5 1128.4
σ2phenotypic 38109 96526.0 140000.0 1407.6
se 1613.1 4950.0 7550.7 46.1
h2additive 0.15 0.28 0.25 0.02
se 0.05 0.07 0.08 0.03
repeatability 0.68 0.73 0.69 0.20
se 0.02 0.02 0.05 0.03
mat2 0.13
se 0.05
Log L −2182.50 −10561.6 −2492.28 −8544.21
Where σ2a∼ direct additive variance, σ2maternal∼maternal variance, σ2pe∼ variance of
permanent environment due to the animal, σ2residual∼ residual variance,
σ2phenotypic∼ total phenotypic variance, −2logL∼ Log likelihood ratio test; s.e.∼ stan-
dard error; h2additive∼ direct additive heritability; h2maternal∼maternal heritability;
repeatability∼ permanent environment due to animal variance. Model 1∼ ﬁtting
additive and permanent environment due to the animal, Model 2∼ ﬁtting additive,
maternal eﬀects and permanent environment due to the animal
Fig. 1. Direct and maternal genetic trends of milk yield traits in Jamunapari goats in
semi-arid tropic (black dotted line for MY90 (EBV90), red dashed and dotted line for
MY140 (EBV140), green dashed line for TMY (EBV_TMY) and a black dotted line
maternal genetic trend of total milk yield (EBV_MAT_TMY) from 1982 to 2013 period).
(For interpretation of the references to colour in this ﬁgure legend, the reader is referred
to the web version of this article.)
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MY140 and TMY was 1.2, 4.4 and 5.4 kg/year, respectively. Genetic
trends and phenotypic trends for MY90, MY140 and TMY were positive
and indicated signiﬁcant improvement in lactational milk production
performance due to selective breeding. Results of this study suggest that
the positive genetic trends for milk production were due to an eﬀective
but low selection response in Jamunapari goats using natural mating in
this ﬂock. Moreover, there is still more room for management during
pregnancy period to improve milk production and improving intra-
uterine environment for increasing the genetic merit of the animals.
4. Conclusions
Estimates of repeatability and heritability were moderate to high
indicating that the successful selection is feasible for improving milk
yield traits. Genetic trends and phenotypic trends for MY90, MY140
and TMY were positive and indicated signiﬁcant improvement in
lactational milk production performance due to selective breeding.
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